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ABSTRACT 


The  infrared  spectra  between  2  and  35  microns  of  a  large  number  of  phenyl  compounds 
of  group  IVb,  Vb,  and  Vllb  elements  are  presented.  The  spectral  features  of  interest  in 
qualitative  and  quantitative  analysis  are  discussed  and  empirical  correlations  between 
the  spectra  and  properties  of  the  central  metal  atom  demonstrated.  The  spectra  beyond 
15  microns  are  shown  to  be  particularly  useful  in  the  quantitative  identification  of  this 
class  of  materials. 
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INTRODUCTION 


The  infrared  and  Raman  spectra  of  the  parent  molecule  of  this  series,  benzene,  have 
been  studied  by  a  great  number  of  investigators.  Probably  the  most  complete  data  on 
this  molecule  are  those  of  Ingold  and  co-workers, (1,  2,  3)*,  who  have  studied  both  the 
infrared  and  Raman  spectra  of  benzene  and  its  deuterium  derivatives. 

Herzberg  (4)  has  summarized  the  assignments  for  the  vibrations  of  this  molecule  and 
the  arguments  for  the  proposed  planar  structure  (D^h  symmetry). 

In  a  molecule  of  D^h  symmetry  containing  12  atoms,  20  fundamental  vibrations  are 
possible,  10  nondegenerate  and  10  doubly  degenerate.  Of  these  20  fundamentals,  9  are 
inactive  in  both  the  infrared  and  Raman  spectra.  The  frequencies  of  these  inactive 
fundamentals  have  been  calculated  by  Lord  and  Andrews  (5),  using  force  constants 
determined  from  observed  frequencies. 

More  recently  Ingold  and  co-workers  (3)  suggested  slightly  different  assignments  for 
these  inactive  fundamentals  and  with  corrections  by  Mair  and  Hornig  (6)  and  by  Miller  (7), 
these  assignments  are  accepted  today. 

Figure  1  gives  the  form  of  these  normal  vibrations  for  a  X6Y6  molecule  together  with 
the  numbering  system  of  Herzberg  (4).  Table  1  gives  the  frequencies  of  these  vibrations 
in  benzene  based  on  the  presently  accepted  assignments. 

Using  the  approximation  that  the  substituent  groups  behave  as  if  they  are  monatomic, 
monosubstitution  on  the  benzene  ring  reduces  the  symmetry  to  C2v  ,  splitting  the  10 
degenerate  fundamentals,  and  gives  a  total  of  30  fundamental  vibrations  for  these 
molecules.  Three  of  these  are  of  species  Az  and  hence  forbidden  in  the  infrared.  The 
remaining  27  are  infrared  active.  Randle  and  Whiffen  (8)  have  discussed  the  assignment 
of  the  fundamentals  of  substituted  benzenes  based  on  this  approximation.  Of  the  30 
vibrations  listed,  only  6  appear  to  be  sensitive  to  the  nature  of  the  substituent  atom. 
However,  several  of  the  frequencies  that  are  not  substituent  dependent  are  nevertheless 
useful  in  identifying  monosubstitution  on  the  benzene  ring. 

Although  the  compounds  studied  in  this  laboratory  are  not  of  C  2v  symmetry,  the 
departure  of  the  ring  system  from  C  2V  symmetry  is  not  great.  Therefore  the  assign¬ 
ments  of  Randle  and  Whiffen  (8)  for  the  monosubstituted  benzene  ring  system  will  be 
accepted  in  the  following  discussions. 

The  purpose  of  this  report  is  not  to  propose  assignments  for  the  various  fundamental 
vibrations  of  these  molecules  but  to  derive  empirical  relationships  of  use  in  the  identifi¬ 
cation  of  new  compounds.  The  spectra  of  the  phenyl  compounds  of  Group  IVb  and  Vb 
elements  are  compared  here  with  the  spectra  of  the  halobenzenes  for  that  purpose. 


Manuscript  released  for  publication  10  October  1960  as  a  WADD  Technical  Report 
^Numbers  in  parentheses  refer  to  References  (p.  9). 
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Table  1 


Vibrational  Frequency  Assignment  of  Benzene 

Vibrational 

Species 

Frequency 

No. 

Frequency 
(cm-  ) 

Activity 

A, 

lg 

"l 

3062 

V  C-H 

R 

At 

lg 

v2 

992 

vC-C 

R 

A„ 

2g 

*3 

1340 

8  C-H  il 

F 

A„ 

2u 

v  A 

673 

8  C-H  1 

IR 

B. 

lu 

*5 

3060 

v  C-H 

F 

Blu 

"6 

1010 

8  C-C-C  II 

F 

B2g 

v7 

995 

8  C-H  1 

F 

B2g 

"8 

703 

V  C-C-C  1 

F 

B2u 

v9 

1310 

1/  c-c 

F 

B2u 

V10 

1152 

8  C-H  II 

F 

E, 

lg 

*11 

850 

8  C-H  1 

R 

E, 

lu 

^12 

3080 

v  C-H 

IR 

E. 

lu 

^lS 

1485 

v  C-C 

IR 

Elu 

"14 

1037 

8  C-H  II 

IR 

E2g 

"15 

3047 

v  C-H 

R 

E2g 

"l6 

1596 

v  C-C 

R 

E2g 

"l7 

1178 

8  C-H  il 

R 

E2g 

"l8 

606 

8  C-C-C  II 

R 

E2u 

"l9 

975 

8  C-H  1 

F 

E2u 

"20 

405 

8  C-C-C  1 

F 

v  Denotes  a  stretching  vibration 

8  Denotes  a  bending  vibration  (  II  in  plane,  _L  out  of  plane) 
R  Raman  active 
IR  Infrared  active 
F  Forbidden  or  inactive 
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EXPERIMENTAL 


The  spectra  in  the  rocksalt  region  (2  to  16  microns)  were  obtained  using  a  Baird 
Associates  Model  “B”  double  beam  recording  spectrophotometer.  The  spectra  were 
measured  when  possible  as  solutions  in  carbon  disulfide  and  bromoform.  In  some  cases 
where  the  solubility  in  these  solvents  was  prohibitively  small,  the  spectra  were  obtained 
as  potassium  bromide  pellets  or  nujol  mulls. 

The  spectra  in  the  region  from  15  to  35  microns  were  obtained  using  a  modified  Perkin- 
Elmer  Model  21  double  beam  recording  spectrophotometer  with  caesium  bromide  optics  (9). 
They  were  obtained  as  caesium  bromide  pellets  except  for  the  halobenzenes  which  were 
measured  as  the  pure  liquids  in  fixed  path  cells. 


DISCUSSION 


The  Rocksalt  Region  (2  to  16  microns) 

The  spectra  in  the  rocksalt  region  of  the  phenyl  compounds  of  elements  heavier  than 
silicon  are  quite  similar  and  show  increased  similarity  until  in  the  heavier  substituent 
atoms  they  appear  almost  identical. 

The  spectra  are  characterized  by  a  general  shift  to  longer  wavelengths  with  increasing 
mass  accompanied  by  increased  sharpness.  In  each  series  the  transition  from  the  first 
to  the  second  member  gives  the  greatest  spectral  shifts  as  would  be  expected. 

Although  many  of  the  bands  in  the  rocksalt  region  appear  to  shift  to  longer  wavelengths 
with  mass  increases,  only  three  bands  show  major  position  changes,  these  are  the  two 
“X  sensitive”  vibrations  noted  by  Randle  and  Whiffen  (8)  and  the  out-of-plane  hydrogen 
‘‘umbrella”  deformation  between  755  and  725  cm-1  . 

Figures  2,  3,  and  4  show  some  of  the  spectra  of  the  simple  compounds  of  group  IVb, 

Vb,  and  Vllb  elements. 

The  higher  of  these  ‘‘X  sensitive”  vibrations,  located  between  1190  and  1050  cm-1 
has  been  discussed  by  Kross  and  Fassel  (10)  who  studied  compounds  of  the  type  <£>  n  M 
of  Group  IVb,  Vb,  and  Vllb  elements,  where  n  is  the  valence  of  the  group.  They  show  a 
linear  relationship  within  each  group  between  frequency  and  the  square  of  the  electro¬ 
negativity  of  the  atom.  The  slopes  are  related  to  the  primary  valence  of  the  group.  The 
compounds  measured  in  this  laboratory  include  the  type  where  M  and  m'  are 

group  IVb  elements  as  well  as  type  <£zxyM  where  M  is  a  group  IV,  Vb,  or  Vllb  element 
and  X  is  H,  OH,  or  Cl.  This  frequency  obeys  the  relationship  of  Kross  and  Fassel  (10) 
for  all  these  compounds  regardless  of  the  additional  groups  attached  to  the  M  atom. 

This  frequency,  therefore,  appears  to  be  a  function  of  the  electronegativity  of  the  element 
attached  directly  to  the  ring  but  not  of  the  electronegativity  of  the  substituent  group. 
Figure  5  shows  this  behavior. 

In  the  compounds  of  the  type  <|> 6 M  M '  studied  in  this  laboratory  a  band  appears  in  this 
region  for  both<J>M  and  <3>m'  as  would  be  expected.  This,  however,  offers  no  distinction 
between  mixtures  containing  both  types  of  phenyl  groups  and  compounds  containing  both 
structures. 
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The  spectra  of  the  <£>  6  mm'  compounds  are  given  in  Figures  6  through  9. 

The  second  “X  sensitive”  vibration  ranges  in  frequency  in  the  halobenzenes  from  806 
cm'1  in  fluorobenzene  to  654  cm-1  in  iodobenzene.  As  pointed  out  by  Randle  and  Whiffen 
(8)  these  frequencies  are  more  easily  determined  from  Raman  spectra  because  of  their 
strong  polarization.  This  vibration  is  of  little  qualitative  value  in  the  infrared  spectra 
of  the  IVb  and  Vb  derivatives. 

The  out-of-plane  (umbrella)  hydrogen  deformation  ( v4  Herzberg),  occurring  between 
755  and  725  cm-1  in  our  compounds,  has  been  studied  by  Margoshes  and  Fassel  (11)  who 
found  that  in  the  monosubstituted  benzenes,  the  frequency  decreased  linearly  with  in¬ 
creasing  reduced  mass  of  the  diatomic  group  M-carbon.  With  one  exception,  our  compounds 
were  in  very  good  agreement  with  this  observed  behavior.  This  vibration  in  phenyldichloro- 
iodide  is  located  at  the  same  frequency  as  in  chlorobenzene  rather  than  at  the  frequency  of 
iodobenzene.  This  suggests  that  the  group  might  possibly  have  the  structure  <$>  - 1  "  ^ 
rather  than  <$-  which  is  very  unlikely  since  the  band  at  1065  cm'1  is  in  the  expected 

position  for  the  $-I+2q',  structure. 

Two  additional  bands  occur  in  this  region  which  are  of  considerable  value  in  the  qualita¬ 
tive  identification  of  structues  involving  the  bonding  of  a  benzene  ring  to  a  heavier  atom. 

The  first,  a  band  in  the  range  1451-1428  cm'1  is  assigned  by  Randle  and  Whiffen  (8)  as  a 
planar  ring  deformation  ( i/|3  Herzberg).  This  band  is  located  near  1461  cm'1  for  the 
lighter  substituent  elements  such  as  fluorobenzene  and  moves  to  1430  cm'1  in  iodobenzene. 

In  the  group  IVb  and  Vb  compounds  this  vibration  is  located  at  1428  cm'1  for  all  compounds 
of  elements  heavier  than  silicon.  Young  and  co-workers  (12)  attributed  this  band  and  the  band 
in  the  1190-1050  cm-1  region  as  well,  to  phenyl  silicon  vibrations.  As  can  be  seen  from 
our  data  these  bands  are  more  closely  associated  with  the  phenyl  group  perturbed  by  the 
heavy  substituent  atom  rather  than  with  a  particular  phenyl-M  linkage.  This  observation 
was  also  commented  on  by  Noltes  and  co-workers  (13). 

The  second,  the  out-of-plane  ring  deformation  in  the  701-675  cm-1  region  (ve  Herzberg) 
shows  very  interesting  behavior.  The  frequency  of  this  vibration  varies  only  slightly  for 
the  materials  studied  but  appears  to  have  a  constant  position  for  all  the  halogens,  another 
for  the  group  Vb  compounds,  and  a  third  for  the  group  IVb  compounds.  These  data  are 
summarized  in  table  2. 


Table  2 

Frequency  of  Vibration  8  (Herzberg)  for  Group  IVb,  Vb,  and  Vllb  Elements 


Benzene 

703 

Group  IV 

Substituted  Benzenes  (18) 

697-701 

Group  V 

(6) 

688-693 

Group  VII 

(4) 

682-683 

Group  IV 

With  Halogens  (4) 

692-696 

Group  V 

With  Halogens  (1)  <^>3S  be  i£ 

682 

Poly  Halogen  (1)  —  rci2 

675 
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As  can  be  seen,  the  replacement  of  a  phenyl  group  with  a  halogen  in  the  d?nM  compounds 
results  in  a  lowering  of  the  frequency  of  this  vibration.  This  behavior  suggests  a  depend¬ 
ence  on  the  effective  electronegativity  of  the  substituent.  It  is,  however,  not  a  simple 
electronegativity  dependence  since  each  series  groups  well.  The  product  of  the  electro¬ 
negativity  of  the  central  atom  and  the  (reduced  mass)  k  of  the  group  C-M  is  approximately 
constant  for  each  series.  Figure  10  shows  a  plot  of  the  frequencies  as  a  function  of  the 
reciprocal  of  this  product  with  a  curve  drawn  through  the  points. 

The  frequencies  for  phenyl  compounds,  in  which  the  substituent  was  other  than  the 
simple  IVb,  Vb,  or  Vllb  element,  were  placed  on  the  curve,  and  an  effective  electro¬ 
negativity  was  calculated  from  their  position.  Table  3  gives  the  results  of  these  calcula¬ 
tions.  The  product  of  electronegativity  and  (reduced  mass)  \  is  labeled  % r.  Reduced  mass 
is  labeled  jx.  The  calculated  electronegativity  (7 r/fij)  is  compared  with  the  electronega¬ 
tivity  (X)  of  the  central  atom.  The  last  column  gives  the  difference  (A). 

In  the  cases  $3SnCl,  9?2 SnCl2  and  $3CC1,  halogens  are  replacing  phenyl  groups  and 
as  would  be  expected,  the  effective  electronegativity  is  changed  only  slightly  while  for 
<J>3SbCl2  and  <£>IC12  ,  two  chlorines  are  added  rather  than  replacing  a  phenyl  group 
giving  rise  to  a  much  greater  change  in  effective  electronegativity.  Further  confirmation 
is  given  by  the  negative  deviations  observed  when  hydrogen  replaces  phenyl  as  in  <£2NH 
and  <3?3CH.  The  agreement  here  is  only  qualitative  due  to  the  small  spectral  shifts 
involved  and  the  rather  large  uncertainties  (  2  cm-1 )  in  our  measurements.  Nevertheless, 
we  postulate  a  dependence  on  the  electronegativities  of  the  group  to  which  the  benzene 
ring  is  attached  as  follows: 

K 

V  -  -  | 

Xg(/T  C-m 

where  Xg  is  the  group  electronegativity,  K  is  a  constant,  and  fi  is  reduced  mass. 


Table  3 


Calculated  Electronegativities  From  Vibration  8  (Herzberg) 


to 

Sb  Cl2 

8 

682 

1 

7T 

.096 

7T 

10.40 

v/jf. 

3.14 

X. 

1.89 

A 

+  1.25 

Sn  Cl2 

692 

.147 

6.80 

2.06 

1.66 

+  .40 

ici2 

675 

.060 

16.70 

5.04 

2.65 

+  2.39 

^3 

Sn  Cl 

696 

.168 

5.95 

1.80 

1.66 

+  .14 

Sn  OH 

696 

.168 

5.95 

1.80 

1.66 

+  .14 

NH 

693 

.152 

6.57 

2.59 

2.96 

-.37 

h 

CC1 

697 

.173 

5.78 

2.36 

2.51 

-.15 

CH 

699 

.183 

5.46 

2.22 

2.51 

-.29 
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For  compounds  of  the  general  formula  <£>x~  M_Ay  ,  x  is  given  by  an  expression 
such  as  -Bz  9 

3,  -  Im  +  k  [•»-.'>  1+  +  +  Zlb]  (2) 

electroneg.  of  the  central  atom 
electroneg.  of  the  phenyl  group 
electroneg.  of  A 
electroneg.  of  B 

a  constant  (transmissivity)  characteristic  of  each  group  in  the 
periodic  chart. 

With  an  M  dependency  of  this  type,  this  vibration  is  particularly  useful  in  connection 
with  the  vibration  in  the  9-micron  region  in  determining  the  atom  M  in  M-d?type  com¬ 
pounds.  It  can  be  used  also  when  the  atom  M  is  known,  to  determine  Z  in  compounds  of 
the  type  $>yMXz  where  the  group  X  is  halogen,  hydrogen,  or  hydroxyl.  This  band  is 
somewhat  broad  and  it  is  not  known  whether  splitting  can  be  observed  in  compounds  of 
the  type  where  M  and  M’  are  group  IVb  and  Vb  elements  respectively.  If 

such  splitting  can  be  observed,  this  vibration  could  be  very  useful  in  distinguishing 
structures  of  this  type. 

The  Caesium  Bromide  Region 

In  the  region  beyond  15  microns  the  spectra  of  these  compounds  become  quite  distinctive. 
For  the  simple  compounds  of  the  type  ,  where  x  is  the  valence  of  atom  M,  two  bands 
of  medium -to- strong  intensity  occur  in  the  range  520  to  190  cm-1  .  The  first  of  these 
bands  ranging  from  507  -  433  cm-1  is  an  “X  sensitive”  vibration  described  by  Randle 
and  Whiffen  (8)  as  a  C-X  out-of-plane  deformation  (  z/|9  Herzberg).  This  band  tends  to 
split  into  a  band  group  in  the  more  asymmetric  trivalent  compounds.  In  the  halobenzenes 
it  is  a  single  peak  and  in  the  group  IVb  compounds  it  is  split  into  a  doublet  whose  splitting 
varies  directly  with  the  mass  of  the  central  atom.  In  all  the  compounds  studied,  this  vi¬ 
bration  shows  a  small  mass  dependency  with  a  limit  of  about  433  cm-1  for  infinite  mass 
(See  figure  11). 

The  spectra  of  the  simple  <£xm  compounds  are  shown  in  Figure  12  through  14. 

The  position  of  this  vibration,  for  a  given  atom  M  is  relatively  constant  in  the  molecules 
studied. 

A  second  vibration,  v|8  ,  occurs  between  520  cm-1  and  190  cm-1  .  This  gives  rise  to  a 
band  of  medium-to-strong  Intensity  and  is  visible  in  the  spectra  of  the  lighter  compounds 
in  Figures  12  through  14.  The  frequency  of  this  vibration  is  quite  mass  dependent  and  is 
very  characteristic  of  a  particular  M-<i>  linkage.  Although  not  shown  here,  we  have 
studied  the  region  from  300  to  190  cm"1  using  a  Perkin- Elmer  Model  12C  single  beam 
instrument  equipped  with  caesium  iodide  optics.  With  this  instrument  we  have  observed 
v|B  in  the  heavier  elements  of  each  series.  With  the  exception  of  the  compounds  contain- 
ing<b-carbon  linkages  this  frequency  is  linearly  dependent  on  the  reciprocal  of  the  reduced 
mass  of  the  <J>-M  group  taken  to  the  one-half  power.  A  plot  of  these  frequencies  is  given 
in  Figure  15.  This  absorption  frequency  is  almost  entirely  governed  by  the  atom  attached 
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to  the  benzene  ring  and  is  quite  useful  in  identifying  the  particular  linkage.  Compounds 
containing  halogen  as  well  as  mixed  d?-M  bonds  also  show  this  vibration  for  each  of  the 
<£-M  species  present. 

Figure  16  shows  the  spectra  of  the  <£6M2  compounds.  With  the  exception  of  hexaphenyl 
disilane,  the  spectra  are  almost  identical  to  the  <S>4M  compounds.  The  additional  band  in 
he xaphenyldi silane,  not  present  in  tetraphenyl  silane,  cannot  be  attributed  to  a  vibration 
of  the  benzene  ring.  Two  vibrations  are  likely  to  occur  in  this  region:  (1)  the  silicon- 
silicon  stretch,  and  (2)  the  axial  deformation  of  the  two  silicon  atoms,  within  the  cage  of 
practically  stationary  phenyl  groups.  The  first  of  these  is  forbidden  in  the  infrared  and 
violation  of  the  selection  rules  is  not  likely  to  give  a  band  of  the  observed  intensity.  Based 
on  reasonable  assumptions  as  to  the  bending  force  constants  for  <b-st  bonds  we  have 
estimated  the  frequency  of  the  second  vibration  to  be  312  cm-1  .  The  observed  frequency 
of  352  cm-1  is  in  reasonable  agreement  with  this  value.  On  this  basis  the  analogous  vi¬ 
bration  in  the  digermane  should  be  in  the  vicinity  of  217  cm-1  distannane  188  cm-1 
and  dilead  at  154  cm'  1  .  A  weak  band  is  observed  for  hexaphenyl  digermane  at  approxi¬ 
mately  210  cm- '  . 

v  The  spectra  of  the  mixed  <£6MM‘  compounds  are  shown  in  Figures  17  and  18.  In  each 
case  vibration  v  l9  is  split  into  components  attributable  to  both  types  of<3>-M  linkages. 

^I8  also  appears  for  both  types  of  linkages.  Several  other  weak  or  medium  bands  appear 
that  are  not  present  in  the  $6m2  type  compounds.  In  particular  a  band  of  medium  intensity 
constantly  occurs  in  the  region  of  vl8  for  the  heavier  of  the  two  -M  linkages.  Although  not 
shown  here,  the  data  found  in  the  region  beyond  35  microns  confirm  this  occurrence  even 
in  the  heavier  tin  and  lead  compounds  studied.  This  band  is  tentatively  assigned  to  the 
M-M’  stretching  vibration  which  will  become  infrared  active  in  the  asymmetric  <t>€  MM’ 
molecules. 

Several  weak  bands  of  uncertain  origin  also  occur  in  this  region  enabling  the  positive 
identification  of  these  mixed  compounds.  Unlike  the  spectra  in  the  rocksalt  region,  these 
spectra  are  quite  distinctive  and  enable  the  worker  to  quickly  identify  the  more  complex 
molecules.  It  is  easy  to  distinguish  here  between  mixtures  of  compounds  and  pure  com¬ 
pounds  containing  more  than  one  type  of<£>-M  linkage.  This  is  particularly  useful  in  the 
analysis  of  reaction  products  encountered  in  the  synthesis  of  these  materials. 

Figure  19  shows  the  spectra  of  some  halogen  substituted  compounds.  Bands  in  the  28 
to  35  micron  region  in  the  chlorostannanes  are  probably  associated  with  the  tin  chlorine 
stretching  vibrations  and  are  in  the  vicinity  of  a  strong  band  of  tin  tetrachloride  located 
at  about  26  microns.  The  band  just  visible  at  the  limit  of  the  triphenyldichlorostibine 
spectrum  probably  is  the  antimony- chlorine  stretch.  This  vibration  in  antimony  tri¬ 
chloride  occurs  in  the  vicinity  of  30  microns. 

Figure  20  compares  the  spectra  in  the  2  to  15  micron  region  of  tetraphenylstannane, 
triphenylchlorostannane,  and  diphenyldichlorostannane.  As  can  be  seen  from  these  spectra, 
it  is  a  difficult  if  not  impossible  task  to  distinguish  these  compounds  in  this  region. 
Quantitative  analysis  of  triphenylchlorostannane  in  the  presence  of  tetraphenylstannane 
is  virtually  impossible,  using  this  region.  Figure  21  shows  the  spectra  of  these  compounds 
in  the  15  to  35  micron  region.  It  is  immediately  obvious  that  not  only  is  it  qualitatively 
possible  to  identify  these  components  but  quantitative  analysis  is  also  possible. 
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CONCLUSION 


The  spectra  of  the  compounds  of  group  IVb,  Vb,  and  Vllb  elements  in  the  2  to  15  micron 
region,  although  quite  characteristic  of  monosubstituted  benzenes,  are  not  sufficient  for 
the  qualitative  identification  of  new  synthetic  materials  in  this  class. 

Additional  substitution  on  the  central  atom  of  this  type  of  compound,  particularly  with 
a  halogen  atom,  changes  the  spectra  only  slightly. 

The  extension  of  the  infrared  spectra  beyond  15  microns  compliments  the  information 
found  in  the  rocksalt  region  and  enables  the  worker  to  more  quickly  identify  new  structures 
as  well  as  providing  a  valuable  means  of  quantitative  analysis  of  reaction  products  con¬ 
taining  this  class  of  material. 

The  range  of  this  study  was  limited  to  the  region  from  2  to  52  microns.  The  information 
gained,  however,  indicates  the  desirability  of  extending  the  range  to  100  or  200  microns 
in  order  that  the  compounds  of  the  heavier  elements  (Pb,  Bi,  Br,  I)  be  fully  character¬ 
ized. 
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Figure  2.  Spectra  from  2  to  1 5  microns  of  Tetraphenylmethane,  Tetraphenylsilane, 
Tetraphenylgermane,  and  Tetraphenylstannane 
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Figure  8.  Spectra  from  2  to  15  microns  of  Triphenylmethyltriphenylsilane  and  Triphenylmethyltriphenylgermane 
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Figure  11.  Plot  of  Frequency  vs.  Reciprocal  of  (Reduced  Mass  of  <J>-M)Z  for  v|9 
(Herzberg) 
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Figure  12. 


Spectra  from  15  to  3  5  Microns  of  Tetraphenylmethane 
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Figure  17.  Spectra  from  15  to  35  Microns  of  Triphenylmethyltriphenylsilane  and 
T  rinhenvlmethvltriohenvlffe  rmane 
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Figure  21.  Spectra  from  15  to  35  Microns  of  Tetraphenylstannane,  Triphenyl- 
chlorostannane,  and  Diphenyldichlorostannane 
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